Nutrients (nitrogen and phosphorus) from agricultural non-point source (NPS) pollution have been increasingly recognized as a major contributor to the deterioration of water quality in recent years.
INTRODUCTION
With the development of agriculture and the increasing use have an undesirable influence on their trophic state, and will lead to toxic algal blooms (Sanford & Pope ) , oxygen depletion and loss of biodiversity (Shen et al. ) .
In addition, it also decreases the quality of water used for drinking, agriculture and other purposes (Hong et al. ) .
Therefore, nutrient removal is the key to dealing with agricultural NPS pollution. In China, the control and management of agricultural NPS pollution will be one of the most serious issues for water environmental protection in the next several decades (Shen et al. ) .
Constructed wetlands have been one of the most efficient methods to control agricultural NPS pollution (Diaz et al. ; Zhang et al. ) . The benefits of a constructed wetland are its high efficiency without the input of fossil energy, and thereby operational cost-effectiveness and easy handling. Nutrients can be removed by employing constructed wetlands, through a complex interconnected system of plants, media and biomass population (Fountoulakis et al. ) . However, each technology has its own advantages and disadvantages. Constructed wetlands cannot cope with the agricultural NPS pollution effectively caused by rainstorm runoff in a short time and large flux during the rainy season (Tanveer & Sun ) , due to the long reaction cycle. Eco-soil processing systems consisting of a mineral medium layered filling, are similar to the vertical flow constructed wetlands. The mineral medium and micro-organisms in the system provide treatment of wastewater on the basis of soil infiltration treatment technology. However, the difference is that this system changes the soil to mineral media, to provide greater voids for hydraulic conductivity and to attach more microbes, so that the efficiency of decontamination compared with the traditional soil infiltration system is improved. In eco-soil processing systems, the transformation and removal of nutrients are accomplished by interaction with penetration, adsorption, sedimentation, and biological nutrient removal processes. The runoff pollution would enter into the water bodies via the eco-soil system, which is located in the transition zone between farmland and water bodies around the waterway. As a green treatment technology, eco-soil has the unique advantage of producing higher effluent quality without using effective arable land and frequent maintenance. In addition, there is a certain aesthetic value.
Research has found that an eco-soil system has a better removal effect for nutrients, but different packing schemes with different media influence the decontamination ability of the system at the early stage of the experiment. This experiment was designed to investigate the possibility of utilization and discrepancies in the interception of nutrients in agricultural NSP pollution for three filter media filling schemes in eco-soil under simulated storm runoff. The objectives of this study are: (1) to test the overall and inter-laminar efficiency of eco-soil performances in terms of dissolved oxygen (DO) transfer, bio-film storage, and nutrient removal; and (2) to examine the treatment stability simulated by different storm runoff durations and loads. Thus, the outcomes will provide a useful reference for media packing strategy in eco-soil design. Table 1 . Three filter filling schemes were adopted:
MATERIALS AND METHODS

Experimental setup
(A) increasing-sized filling (I-filling): the filter media was filled in a vertically increasing particle size manner from top to bottom; (B) decreasing-sized filling (D-filling): the opposite of I-filling; (C) blend-sized filling (B-filling): the filter media filling material was blended. The plant did not show significant effects on the removal of nutrients during a short period (1 or 2 hours), which was found in a previous study. Moreover, this experiment was carried out in autumn which is not a planting season. Therefore, the experimental setups were unplanted. For each layer, a PVC perforated pipe (φ ¼ 2.0 cm) was installed in the center of the column for sample collection. Before the experiment, the reactors were shaken several times for filter media compaction.
Flow distribution and harvesting devices were installed on the top and bottom of the reactor, respectively.
Experimental flow and operations
Artificial wastewater was prepared and stored in a feed tank, which was pumped into the reactor to keep a constant water head. For the two loads, major nutrients were supplied by adding KNO 3 and K 2 HPO 4 , and organic carbon sources were supplied by adding glucose to the tap water. Intermittent operations were carried out via simulated rainstorm runoff, each operation lasting for 20 minutes and 50 minutes, because agricultural NPS pollution mainly occurs at the beginning of the rainfall (Guo et al. ) . According to the literature, the hydraulic loading of 0.85 m 3 /(m 2 ·d) was used throughout the experimental period. Two weeks before the start of the experiment, the reaction device was stabilized to cultivate the growth of microorganisms.
Organic loading rate is an important factor causing growth of microorganisms of eco-soil. The chemical oxygen demand (COD) and suspended solids (SS) concentration of agricultural NPS pollution water in Zhenjiang reached 40-110 mg/L and 90-150 mg/L, respectively, according to our irregular water quality detection. Nevertheless, in order to shorten the time required for maturity of microorganisms and to assess the bio-film storage in the laboratory accurately, higher organic matter concentrations of 150-400 mg/L and low levels of SS, relatively, were adopted in the wastewater used in this study. The water quality of the synthetic wastewater is listed in Table 2 . The average air temperature was around 12-25 W C. A bed resting time of 7 days and flushing with wastewater (keeping the filter medium moist, to maintain the growth of microorganisms) was used for recovery of the system between the two operational periods of simulated rainstorm runoff.
Wastewater sampling and analysis
Samples collected from flow, porous water in each layer, and effluent were analyzed in the laboratory immediately. 
Determination of bio-film storage
The biomass accumulation rate (BAR) in each layer of ecosoil was used to assess the bio-film storage. BAR is defined as the decrease in the media water storage volume over time due to bio-film accumulation, written as BAR ¼ TP removal is generally lower for high load operation.
Instead, the NH 4 þ -N and TN removal rate of all packing 
Nutrient removal mechanisms in each layer of reactors
The nutrient removal in different layers of eco-soil reactors is presented in Figure 4 . 
